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ABSTRACT 
Climate change caused by various factors of environmental damage is a phenomenon that 
occurs in all aspects of human life on this earth. Especially urban areas, which has become 
the center of civilization and the economy has suffered severe environmental damage.Green 
open space is a space that can be covered with trees or other plants, which, although narrow, 
but may help in reducing the effects, of environmental degradation. 
Studies on the content of biomass and carbon stored in the green open space is very 
important to determine the ability of green open space to absorb carbon. This research 
involves various sectors that cause carbon emissions in Kendari the capital city of Southeast 
Sulawesi Province in Indonesia, namely from the transport sector, industry and trade, 
education and office and residential activities. This research was conducted in three areas, 
namely business district, offices and settlements. 
The availability of green open space based on the calculation of the absorption of CO2 and 
produce O2 as well as the calculation of the availability of the number of trees to produce O2 
and absorb CO2.The needs of green open space is calculated based on the needs of oxygen 
in humans and vehicles, carbon emissions in humans, vehicles, and household electronic 
equipment and green open space broad needs and the number of trees to absorb carbon 
dioxide and produce oxygen in the business district, offices and settlements. The results 
showed that the availability of green space based on oxygen consumption in the business 
district should have a green open space covering 61% of the total area, the settlement area 
must have a comprehensive RTH minimum of 15.3% of the area of the region, which means 
a minimum area of RTH not eligible based on oxygen demand, while for an office area, the 
existing green open space area is 53.16% that an area has exceeded the minimum 
requirement of extensive green open space based on the need for oxygen. It is relevant to a 
comparison of emissions and carbon deposits in the three regions, namely the business area 
amounted to 0.2189 tons of carbon savings with the amount of emissions to 3.5 tons per day, 
the settlement area total carbon storage is 62.545 producing an emission of 10.6 tons per 
day, while the office area produces carbon deposits is amounted to 5,464.93 tons per day by 
the number of emissions of 34.3 tons per day. 
Keywords:  Green Open Space, Business, Offices, Settlement area 
1 INTRODUCTION 
Green open space is an elongated or clustered area, the use of which is more open, a place 
to grow plants, whether naturally or deliberately grown. The ownership status of green 
space in the city is classified into two: Public and Private. 
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In the development of green space, the priority is the level of tree vegetation, carbon (C) 
absorption in the air is very high if it is in an area that has a high C content. The role of 
green plants is needed to capture the C and release O2 back into the air. Carbon is one of the 
most important elements in everyday life because there are more compounds formed from 
the element carbon. By recognizing the value of carbon stored in RTH, the government 
needs to consider in preserving green open spaces. 
Kendari city as an urban area is a center of education, office, industrial, trade services, 
housing and community activities. As contained in the Kendari Spatial Plan 2010-2030, 
Kendari city as urban center spreads across several areas of administration, including the 
center of government and business district, the old city area, the port and industrial area, 
district and provincial governments as well as regional colleges terminal/transport. These 
activities resulted in leading into an increase of carbon concentration in the air in the city of 
Kendari. In addition to more densely populated, generally, air pollution in urban areas is 
higher than in rural areas because the majority of urban air pollution is caused by emissions 
of carbon (C) from human activities in various sectors. Air quality and environment can be 
decreased due to increased human activities utilizing fuel oil (BBM), transport, industry, 
development of infrastructure and trashes. C gas generation is absorbed by the vegetation 
contained in the green open space. Carbon emissions from the conversion or changes in 
land cover and use produced 12.5% of the total emissions generated in 2000-2009 
(Friedling stein et al. 2010; Houghton et al.2012), while the greatest emissions come from 
the energy sector (Ministry of the Environment life 2009; Pratiwi and Hermana 2013). It 
takes the alternative efforts to control emissions and improve the C uptake. Study the 
content of the biomass and carbon stored in green open space important to be done to 
determine the ability of green space based on their ability to absorb carbon in each region 
include sectors that become carbon emission in Kendari, namely from the transport sector, 
industry, and trade, education and offices and activities in the settlements. 
This study aimed to analyze the availability and need for green open space based on oxygen 
consumption to reduce carbon emissions in Kendari city. 
2 RESEARCH METHODS 
This research was conducted in March to August 2016. The location of research on green 
open space in settlement area, offices and business area in Kendari. 
Measurements of green open space vegetation in settlement area, offices and business area 
using the census method of measuring the level of tree vegetation, the number and types of 
trees, whereas in offices area, there ia an urban forest (campus forest) and the university 
botanical gardens, using Systematic Random Sampling method. The sample in this study is 
the type of vegetation in the form of trees that found in the observation plots. Determining 
the location of sample plots systematically randomized in the study site. The intensity of the 
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sampling are in use for the Botanical Gardens at 10%, so the observation area of 18.26 ha x 
10% = 1,826 Ha, the number of observation plots by 4 plots the location of research 
observations. Plot observations on tree level (range of diameter ≥ 15 cm) measuring 20m x 
20m, while for observation forest campus which is 2%, so the observation area of 84.6 ha x 
2% = 1.69 Ha (Pearson and Brown 2004 in Sutaryo 2009). 
Analysis of tree biomass estimation data contained in public green space is divided into 2 
groups of trees are branched and unbranched trees. To calculate the biomass in plants used 
general allometric equations for trees.Allometric equations used in the estimation of 
biomass: 
Table 1. Estimation of Biomass use allometric equation 
Tree types Allometric equation source 
Branched DW = 0.11  D2.62 Ketterings, 2001 
unbranched DW = EXP(-2,134)*D2,530 Brownet al, 1999 
DW= dry weight; D= diameter, cm; cm;  = wood density, g/ cm3 
Source:  Hairiah 2011 dan Manuri. S., et al 2011 
All data obtained from measurements of diameter is inserted into a worksheet observations, 
then the data in the tabulation in the Microsoft Excel program for further calculation. 
Calculating the tree biomass using allometric equations that have been developed by 
previous researchers, and then summing the biomass of all the existing trees in the 
landscape, in order to obtain total tree biomass expansion (tons). 
The concentration of C in organic form is usually around 46%, therefore the estimated 
amount of C stored each component can be calculated by multiplying the total weight of the 
mass with a concentration C = DW (tons/ha) x 0.46 (Hairiah et al. 2007). 
To obtain the data needs of green open space at each study site, then the observed variables 
are variables of human oxygen consumption and oxygen consumption for vehicles variables, 
these variables are as follow: 
1. Average number and type of vehicles across the study site every time (unit/hour) 
2. The average amount of activity of human population in the study area each time 
(person/hour) 
Green Open Space needs were analyzed using Gerakis methods in Ministry Regulation of 
Public Works No. 5 Year 2008, namely: 
LT =   Pt + Kt +Tt ....................................................................  (1) 
       (54)(0,9375 )(2)  
Lt       =   is the area of green open space for the city in year t (m2) 
Pt        =  s the amount of oxygen needs for the population in year t 
Kt       =  is the amount of oxygen requirements for motor vehicles in year t 
Tt       =  is the amount of oxygen requirements for cattle in year t (in this study oxygen 
demand for livestock does not counted) 
54        = is a constant that indicates that 1 m2 of the land area to produce 54 grams of dry 
weight of plants per day 
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0,9375   = is a constant that indicates that 1 gram of plant dry weight is equivalent to 
0.9375 grams of oxygen production 
2         =  is the number of seasons in Indonesia 
3 RESULTS AND DISCUSSION 
3.1 Oxygen consumption 
Oxygen consumption calculated in this study is the oxygen consumption derived from 
motor vehicles and population. For the needs of human oxygen per day multiplied by the 
time spent in the location of human activity (based on an assumption; for the settlement area 
in Kendari ie 24 hours/person, office area for 12 hours/person and bussiness for 2 
hours/person). Oxygen consumption average vehicle according to Ministry of Public Works 
Regulation No. 5 the year 2008 was 581.7 g/day for motorcycles, private cars are 11,634 
g/day, while for trucks is 22,880 g/day. The assessment is used when the vehicle is fully 
operational for 24 hours so that the oxygen consumption in each area of operation adjusted 
to the time each vehicle in the study area. While the number of vehicles counted during 12 
hours as time activity (open until the lid) study location. Oxygen consumption for motor 
vehicles in three areas can be seen in table 2. 
Table 2. Oxygen consumption of motor vehicles in each region in 2016 
Type of 
vehicles 
settlement area Offices area Business area 
total 
(Unit) 
Oxygen 
consumption 
(g/day) 
total 
(Unit) 
Oxygen 
consumption 
(g/day) 
total 
(Unit) 
Oxygen 
consumption 
(g/day) 
motorcycle 3,305 80,105 12,964 314,215 631 2,548 
car 1,035 501,716 5,405 2,620,074 298 24,103 
truck 36 34,320 198 188,760 1 953 
Total 4,376 616,141 18,567 3,123,049 930 27,604 
The table 2 shows that the oxygen consumption in the settlement areas in one day (12 
hours) according to the current time, for vehicle types of motorcycles each day requires 
oxygen at 80,105 g to the number of average daily rate (ADR) 3,305 vehicles/day, for a 
type of vehicle personal car needs oxygen each day by up to 501,716 grams with ADR 
1,035 vehicles per day, while for trucks require oxygen at 953.33 grams per day with ADR 
total of 36 vehicles per day. So that the total oxygen needed each day for motor vehicles in 
settlement area of 616,141 grams. 
Oxygen consumption in the office area are vehicle type motorcycles per day is equal to the 
number ADR314,215 gram with as much as 12,964 vehicles/day, for a type of vehicle 
personal car needed oxygen every day amounted to 2,620,074 grams with the ADR 5,405, 
while for the type of vehicle truck need the oxygen of 188 760 grams each day with ADR 
198 vehicles/day, bringing the total oxygen required in the green open space of offices area 
of 3,123,049 grams per day. Oxygen consumption in the business area for each vehicle 
type; motorcycles need oxygen every day for 2,548 grams by the number of ADR 631 
vehicles/day, car needed oxygen every day for 24,103 grams of the ADR of 298 
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vehicles/day, while for the type of vehicle truck requires oxygen for 953 grams every day to 
ADR for 1 vehicle/day. So that the total oxygen required in the business area is 27,604 g per 
day. 
Table 3.  Oxygen Consumption Analysis for human in every Region in 2016 
No Location of study 
Total population 
(visitor) 
Human oxygen 
consumption 
(gram/day) 
Total oxygen 
consumption 
(gram/day) 
1 Settlement area 3,838 840 3,223,920 
2 Offices area 25,466 420 10,695,860 
3 Business area 8,414 70 588,980 
total 37,718 1,330 14,508,760 
source: Ministry of Public works No. 5 the year 2008, statistic in Padaleu regency year 2016 and primary data 
processed, 2016. Assumptions: Human activity time at each study site every day are; for settlement 
area = 24 hours, offices = 12 hours, business area = 2 hours  
Table 3 shows the oxygen consumption of the population in each region, for the settlement 
area need oxygen every day at 3.22392 million grams with a population of 3,838 inhabitants. 
Offices area needs oxygen as much as 10,695,860 grams per day by the number of people 
who do the activity as much as 2,122 lives every day. As for the business area need oxygen 
every day as many as 588 980 grams with the number of visitors as many as 8,414 people. 
So the total human consumption of oxygen in the three areas is as much as 14,508,760 
grams/day. 
The total oxygen consumption for vehicles and people in the three regions; settlement area, 
Offices area, and the business area can be seen in the following table: 
Table 4. Oxygen Consumption on Human and vehicles in three areas 
No Location of study 
Consumption oxygen of 
vehicles (gram/day) 
Consumption oxygen of 
human(gram/day) 
1 Settlement area 616,141 3,223,920 
2 Offices area 3,123,049 10,695,860 
3 Business area 27,604 588,980 
total 3,766,794 14,508,760 
Source : primary data processed, 2016 
3.2 Green open space needs 
Analysis of the oxygen consumption of the two sources of oxygen consumption on human 
and vehicles do get an idea of the need for green space in the region. Green open space 
needs for the 3areas, there are settlement area, offices area, and business area can be seen in 
the following table 5. 
Table 5. Green open space needs analysis based on the consumption of oxygen in 2016 
No 
Location of 
study 
Oxygen 
consumption for 
vehicles (gram/day) 
Oxygen 
consumption for 
human (gram/day) 
RTH need (m2 ) 
RTH need 
(ha) 
1 settlement area 616,141 3,223,920 55,087 3.8 
2 Offices area 3,123,049 10,695,860 136,483 13.6 
3 Business area 27,604 588,980 21,973 0.61 
Total 3,766,794 14,508,760 14,508,760 48.8 
Source: primary data processed, 2016 
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Based on oxygen consumption, settlement area need of green open space of 3.8 ha, offices 
area need 13.6 ha, while for the business area the needs of green open space is 0.61 ha. 
Percentage of  green open space needs in every region of the area were presented in the 
following table: 
Table 6. Percentage of area that needs green open space by the oxygen consumption 
No Location of study RTH need (ha) Total area (ha) Percentage (%) 
1 settlement area 3.8 24.72 15.3 
2 Offices area 13.6 193.50 7.1 
3 Business area 0.61 1.00 61.0 
Source: primary data processed, 2016 dan geographical information system analysis, 2016 
The table 6 shows that settlement area should have a minimum green open space is 15.3% 
of the total area which is an area of 24.72 ha, Offices area must have a minimum area of 
7.1% of the total area, while the business area should have a minimum of 61.0% of the total 
area. 
Comparison of the existing green open space and extensive green open space needs to based 
on oxygen consumption and extensive green open  space based on the Law on Spatial 
Planning No. 26 of 2007 can be seen in the following table: 
Table 7. Comparison of the existing green space, green space requirement based on 
Oxygen Consumption and Size RTH under the Law on Spatial Planning 
No 
Location 
of study 
Total 
area 
Existing RTH 
RTH based on oxygen 
consumption 
RTH based 
onregulation of spatial 
planning 
area(ha) 
Percentage 
(%) 
area(ha) 
Percentage 
(%) 
area(ha) 
Percentage 
(%) 
1 
Settlement 
area 
24.72 2.73 11.04 3.8 15.3 7.42 30 
2 
Offices 
area 
193.50 102.87 53.16 13.6 7.1 58.05 30 
3 
Business 
area 
1.00 0.04 6.36 20.6 61.0 0.30 30 
Source: primary data processed, 2016 dan geographical information system analysis, 2016 
Spacious of green open space in the settlement area based on the table above only 2.73 ha 
with a percentage of 11.04% when it is compared to the minimum needs of green open 
space based on analysis of oxygen consumption which needs 3.8 ha (15.3%), it means that 
green open space needs for the settlement area has not been able to be fulfilled, as well as 
when compared to green space needs in the directives of the Law No. 26 of 2007 which 
requires they have to have a minimum 30% of the area,  in fact,green open space area only 
7.42 ha of total area 24.72 ha. 
Unlike the case in an office area, they have green open space area of 102.87 ha with 
measuring the percentage of 53.16% of the total area. Existing green space area has 
exceeded the minimum requirement of extensive green space based on the consumption of 
oxygen as well as the minimum requirements set by Spatial Planning Law No. 26 the year 
2007.  Spacious green space in the business area is not fulfill the needs of green space area. 
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Based on analysis of oxygen consumption as well as by Spatial Planning Law No. 26 of 
2007, whereas green open space area only covering 0.04 ha, equal to a percentage of 4.44%, 
while according to their oxygen consumption, the business area needs of 0.6 ha green open 
space and 0.3 ha green open space by Spatial Planning Law No. 26 of 2007. 
4 CONCLUSION 
Based on the research results, it can be concluded as follows: 
1. Green open space is the main solution, particularly in maintaining the circulation of 
air, oxygen supply and reduce carbon emissions caused by the increasing number of 
population and development activities. 
2. Existing spacious green space in the city of Kendari is 47.63% already enough  even 
more than required, but spatially spreading insufficient for example in the area of 
settlement and business, in contrast with the office area. 
3. Existing spacious condition of green open space in housing area is 2.73 ha, while the 
green open space needs are 3.8 ha. This means that the need for green space area in 
the region is a deficit. 
4. Existing condition of green open space in the business area only 6.36% of the total 
area, while the green open space needs are 61% of the area. This means that the need 
for green space area is a deficit. 
5. Existing spacious condition of green open space in office area is 53.16%. This is 
different from the other two research sites in deficit extensive green space, in the 
office area even have a surplus, especially with the Botanical Garden and forest 
vegetation in the campus as well as the arrangement of border road and park in every 
faculty.  
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